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This docufuent is an introduct;, or- to he concepts, philosophy a:r 
ation of the I/O portions of thf? 3 200 System It \s intended 
companion document to the 3 200 Syrtems descr :-,pticn , 

The docui'tt^nt is not si specx f lea 1 1 on . Any srecithic int ermat ion 
flgurability , formats, encoding, et:c . , should be obtained from 
appropriate functional specifications. 
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3200 INPUT/ O UTPU T PH ILOS OPH Y 

I NTRODUCTION 

Two fundamental elements of the 3200 Syatera Philosophy are the 
creation of a division between date and procedure and the n\echmiiza- 
tion of multitasking. The 3200 I/O System^ an intearal part of the 
3200 System concept, has xmde consistent use of the fundamental 
rnents 

The basis function of the 3200 Input/Output Subsystem is to allov 
several independent peripheral processes to operate concurrently with 
one or more central processor operations. Furthc^r, the shared scceas 
to main memory by central processor(s) and I/O controller (s) is pro- 
ponied as t.he limiting factor in system throughput. Practica.i ly . the 
mechani. sms which initiate and terminate multiple access to itiain menv 
ory also prove to be factors in system throughput However by p.ro- 
viding many independent mechanisms to conduct the initiation ana term- 
ination functions, the amount of direct central processor inv*'ol verienv 
.lit periphery i. operations xs minimised 

The .i20{) System consists of a mam memoty with, ports to eaidi ot 
one or more central processors or inpu t/output < cgntroJ. lers (IOC). The 
purpose of the IOC is to expand its single perl: to nia.in memory so triat 
it may be emploY^c^d by several peripheral devices simultaneously. Adct 
j. tionally, because individual I/O data transfer rates are slow (moat.ly 
cons A-derabiy so)., but collectively may exceed the capacity of the mem- 
ory port, the I/O subsystem must manage prioiities of each per.ipher«s‘l 
>3 cress to main memory 

I/O O peration 

The central processor initiates and must be aware of all input/ 
output activity. System design places responsibility upon the central 
processor tasks (programs) to issue those instructions which start 
I/O activity. If the initiation satisfies systems regui.remersts in 
terms of availability of system resources and security restrictiona , 
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reuponsibx'li ty for con^pletion of the I/O process 'is rel inguished. to 
an I/O program under control of the IOC. The I/O proqrant. consists of 
an array of I/O commands, the structure of which bear no resemblance 
to rhei L' counterpart central processor instructions „ 

Alter completion ot data transfer' -or control operations, this I/O 
comrrand array notifies and returns control to the central procesf^i . 
Needless to say, two I/O co?nmand arrays operating concurrently 
no means of mutual communication and must rely upon the central pvrocea 
sor for control of any mutual activity (data transcription) . 



Central Processor I/O Facilities 



Two levels of 1/0 control exist within the central processor i? 
self While individual tasks may issue I/O instructions^ a syst«n)!5 
monitor or supervisor (collection of tasks) must oversee the asaigj! 
ment of I/O facilities as well as assign prloritic^s, assure s€;i;ur n..;, 
and monitor completion and interruption signals from the (relatively) 
free rurjnxnci I/O ccnmiand array programs* System elemients such as th# 
device spcicif ication tabie^ traffic registers, simultaneity table: 
trapping mechanism and I/O start array provide the means for a BiftstemB 



rroniror to carry out its responsibility 

The device specification table maintains infcrmation relative tv- 
e\'ity device attached to the system* In addition to ti'snsfer rate 
and individual logical status it contains directions for trapping or 
rejection of I/O instructions based upon device status cr other igni- 
tors The traffic registers and simultaneity table automatically checl 
to see that neither transfer capacity nor maximum level of simalt«in- 
eity IS exceeded each time an I/O instruction is attempted The trapp- 
ing mechanism and :mstruction rejection are used to ferret out in- 
structions which represent exceptions to normal operation. 



The I/O start array is the prime vehicle for communication from 
the perip'harei devices to the central processor. It provides the 
central processor with an integrated hardware- software-controlled 
fribility to distinguish among a large variety of device-generated *3ig- 
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naj i- The mechani^rr. steers* the central processor to a task specialised 
tci CiCh Signal, a task which can handle '-ill s:dn;^ls or any level be-' 
r.vern Lhe two extremes Each device can conceivabley deliver up to 
TS6 d i r-cernaoie signals. 

Tor. f i.q ij r abi 1 1 1 V . 

The mult it>rogram {via task swapping, I/O start array) , multi- 
proces^ (via concurrent process.ing of 1/0 comir.and array programs) 
approach to I/O system design provides much flexibility The degree 
of flexibility is governed in large part by system conf igurability 
i)cth in hardware and software 

The basic hardware conf igurs tion of the system relative to 1/0 
opera 1 1 . o i"* i s depicted as foil c ws : 




FIGURE 1 BASIC HARDWARE CONFIGURATION 

The input/output controller, peripheral processor ^nd peripheral 
device are those physical system facilities whose sole purpose is to , 
conduct input./output operations. The numbers of IOC's, Peripheral Pro*- 
cessors and devices which can be attached to the system or operated 
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s irrultareously If the subject of detailed system specifications, Al- 
thx^ucjh IOC's are functionally identical, peripheral processors, and 
devices will differ accordinq to the media with which they deal, In- 
formation or. primary and secondary busses also may be found in other 
specif ica exons Central processor facilities such as device and slm- 
ult.aneiLty tables and traffic registers w.ill be available consiscent 
with actual I/O facilities. 

Software configurability will be contingent upon the creation of 
tasks to perform all I/O functions with efficient use of main memory 
storage Ky i«eans of central processor task swapping and task priority 
n'echanisms, it will be possible to use single tasks for many simildi: 
device.? in Eerial fashion, thereby creating a many~to~one ratio of de- ’ 
virei to tasks. The flexibility, however, enable? the software to 
configure itsetlf as .required 

Protectio n 

The main element of 3200 protective philosophy is the allocation 
ol data storage by means of structors. The structor defines the loca*- 
. tion„ extent and characteristics oL a data field When instruct, Lons 
are used to access or opeivSte on data, they reference tne 
r'ather than the location of fields themselves Provision of struc-- 
ters can be tightly controlled by a management facility such as an 
operating system. 

This concept is extended to the I/O system by having 1/0 instruc- 
tions reference structors just as the non-I/O counterparts ., The I/O 
operands are thereby afforded the same degree of protection as data 
wliich res.ides in memory* Hence, it is possible to draw an analogy 
between the class.ic move instruction which moves protected data from 
one area of memory to another and the I/O instxict.ton which moves a 
set of protected peripheral comnimands to another protected area, the 
I/O subsys tera . 

-\v. 

A more explicit form of p.rotection comes from the use of logical 
mask and logica.l status.. , These form a part in every I/O instruction. 
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The intention of logical status is to allow specification, within the 
1 n. struct ion format, of a logical peripheral element such as a file, a 
volume, a remote terminal, etc. Although a proper physical path may 
be eFi3,bIished to a device, comparison of logical status and logical 
mask restrict use of the device for the specific purpose of referenc- 
ing a known logical element upon which the device is to operate. 

The lock and key mechanism is used to protect a device from un- 
authorised access. h control mechanism such as a monitor or operat- 
ing system can assign a device (via setting the lock) to a specific 
taks (to which it supplies a key) and thereby prevent its use by 
other non-prov.iledged tasks 



The peripheral processor complements the central processor 
input/output controller in conducting input/output operations, 
the ability of one I/O instruction to initiate processing of an 
coswnand array, so has the peripheral processor inability to asai 
or several functions to a single I/O command.. The availability of m 
to 256 individual device cosmcmands makes it possible to trade periph- 
eral control bejtween the I/O command array and peripheral device. 1 
all cases, however, the central' processor exercises ultimate contro3 
•over all I/O ope.rations, regardle^iS of cKXxcplexity ^ 



SYSTEM ELEMENTS 



lJnderstand.lng of the 3200 input/output subsystem rests in large 
pare on a familiarity with terminology describing the system elemsente* 
Although few completely new terms have been introduced, very explicit 
new meanings have been attached to familiar terms. Table 1 s»imroarizes 
certain concepts and terms which appeared in the preceding section 
while developing a consistent language for use in underatanding the 
system operation as described in the following section. 



Other terms have been used within the docuntent for descriptive 
purposes which 'may connote specific operations in the context of non- 
3200 systems,.. Such terms have been used liberally and .no attempt at 
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definition will toe made, lest it cause need for additional terms or 
create tight definitions not really intended Such terms as facility, 
resource-, element, operation, pointer, interrupt, etc., fall into 
t.hij category. 



TABLE 1 

DEFINITION OF TEJRMS 



* ' TERM 

BUS 


DESCRIPTION 1 


A physical collecticn of wires destined to 
carry signals between two points, normally 
refers to the connection between the IOC and 
a peripheral proce-ssor., sometimes called the 
primary or I/O bus. A secondary bus may con- 
nect peripheral processors to peripheral de- 
vices , 1 


CONDITION CODE 

i 


An eight bit field in the Procedure Index of 
the Task Status Block containing status re- 
lative to the I/O instruction just completed,. 
The condition code should be checked follow- 
ing each I/O instruction. j 


DATA PATH 

■ 

1 

I 


A list of facilities (I0C, I/O bus, Periph- | 
eral Processor., etc,) to toe used in access- 
ing a particular device. Depending upon the 
conf iguration , either more than two devices 
- have the same eight bit address, or multiple | 
paths are available to the same device. In | 
both cases, fui'ther qualification is given ! 

by the data path . | 


DEVICE SPECIFICATION 
TABI£ 

1 


A table in main memory containing informatioR 
about each peripheral device connected 'to 
the system. See Systems Operation, Device | 

Specification The entry is used during ©ach| 

I/O in struct ion , | 


j 

FLAG 


A field within each entry in the device spe-c- 
ification table giving the central .processor 
explicit directions to follow (trap, rejec- | 
tion, etc,) if certain conditions exist (de- 
vice busy, no comparison of logical mask and 
1 status, etc ) .. 



(Continued) 
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TERM 


DESCRIPTION 


I/O COMMAND 

' 


A s true tor which contains information direct- 
ing a device to carry out a single operation. 
The s true tor is meaningful only to the IOC. 
When several 1/0 commands are grouped to- 
gether, they form an I/O conimand array which 
itself is a program executable by the IOC and 
peripheral processor. 


‘J./0 CONTROLLER 


The physical unit permitting several periph- 
eral processors simultaneous access to main 
memory The IOC contains facilities (se- 

quencers) necessary for simultaneity execut- 
ing several I/O command array programs. 


I/O INITIATED START 


A signal generated by the I/O device or IOC 
tor the central processor. The signal can 
cause steering to a particular task associ- 
ated with the cause and nature of the start 
signal An I/O start array contained in main | 

memory points to all the tasks associated | 

with I/O opercitions. The I/O start j 

resembles a peripheral interrupt under cer- 
tain circumstances 


I/O INSTRUCTION 


An instruction in the central proc@s.sor re- 
pertoire used to initiate a peripheral opera- 
tion The I/O Instruction may ultimately 

cause the execution of an I/O cojmand array 
prograru in the I/O subsystems., However, the 
I/O inctructi has explicit raeaning only to j 
the central processor „ « 


I/O SUBSYSTEM 


The collection of ail physical and logical | 

facilities and resources necessary to carry ■ 
out peripheral I/O activity. 


LOCK-KEY 


A logical protection mechanism which allows j 
the peripheral processor (or device) to re- 
quire a positive comparison before allowing 
a peripheral operation to proceed. The lock 
is preloaded into the peripheral processor | 

while the key is referenced in ail ,1/0 in- | 

St ructions 

L J 



(Continued) 
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SY STE M S OPEHATXON 

Tbx.s section provides a description of t'he I/O System* cperation 
'^hile avoiding the level of detail normally found in a specification* 
Twc r?-^:bods are used to achieve tViia end?, I) bit level description 
of registers or fields is avoided Wherever possible, and 2) axcep- 
cases are either: ieiic out or covered in a cu w'han 

covered exception cases relegated to the end of the sectiu:'; 

avoid destroying the continuity or general descriptive maceriai. 



Ass iqnment Of Fad 1 i ti ea 

The ability to invoke I/O icesources ia managed by three facili- 
ties, one software and two hardware controlled. A soft^^mre monitor 
svstem m.By inanaae the accessioi ,i.i cy ot peripheral devices via entriei 
in the device sped ion tav>l e Figure 2), Althcjch r*--" 

actually allows or pi'events 1/0 activity, thc-j device spec;iiicat.ir,.':' 
eri;:iea in almost all, cases, made by software. The traffic reg 

: „;ters control assiqnmcsnt ci per:.pheial .bus triansier capacity 
siraii] tenelty table oversees access to levels 0 . 1 : simultaneity c,/ .'-..rt'.i 
ware control. The Ua:«fe facilities are activated aach time -a task 
attempts to iasiue an I/O Instruction. Successful inittacioa of t'ha 
instruct,: on depends Icaticc d t'be : t^quireuienca at each 

tacilitv . 



Tlie management tactlithus, however, only represent physscafl re 
sources w'lt.hin the system. The ability of the peripheral device, per- 
iphex-al processor or input/output controller tc peri-.,.,rvu thc^ I/O i.n™ 
5 ‘truction actuai.ly governs successful operation. The 1/0 Instruction 
eip I IC.1 lu’id impixcA dy specifies those resources which xt 
to use through ent,rieB in t'he A and A operands of che inscrt.-'.'vicn .. 

I'hd B operand sped ties device nu!tiber and data path whiie the typm of, 
instruction cietemines usage ot a level of simuitanei ty. Protection 
of devices hy Kmy and resources by a rogicai isiask prevent unauthorised 
oi either the device or bu.s t,ransfer capacity. 
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FIGURE 2. ENTRY IN DEVICE SPECIFICATION TABLE 



Device Specification 

The device specification table entry contains those fields which 
govern the initiation of the I/O instruction* The flag field is loaded 
by software to cause unconditional trapping or conditional trapping,^ 
rejection or acceptance based upon such factors as device busy, mal- 
function or comparison of logical mask and status. The flag field 
busy bit is automatically eet when an instruction is successfully 
issued to a device. 

Transfer Rate 

The transfer rate is used by the traffic registers to detect 
system or resource overrun* Overrun and peak transfer rate causes 
instruction rejection. 

Simultaneity 

The simultaneity table is incrainented following all other checks 
before execution is initiated in the device or peripheral processor. 

If ail levels of simultaneity available to the resource or the entire 
system are exhausted, the instruction is rejected. 

Condition Code 

During the extraction of the I/O instruction, the device specifi- 
cation table is checked for busy or device malfunction. The presence 
of either condition will cause rejection and corresponding reporting 
via the condition code. A failure to compare logical mask and status 
will have the same result. Rejection is noted by a bit indicating the 
instruction was satisf actors lly initiated. An instruction which checks 
the condition code should always be placed after an I/O Instruction to 
detect failure to execute. 

- 10 - 
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Dev ice Idg^htafier Structor 

The B operand of an I/O .instruction is the Device Identifier 
StriiCior (see Fig-ore 3) It co.ntains the key and logical mcisX erd 
S:pecifierr sources cii,ch as data patii and de'/ice Our/wei’t, 




FIGORl; 3„ US53 OF TOE DEVTICE SP£C,XF.XCATIOH -r-ABLE 






, Before Issuing an I/O instruction, the I/O start arrssy CFicur® 

4 ) fe^rould have been loaded with pointers to prfe>set software algorithms 
to acconatioda te any eventuality which could result from the es?ecution 
of the I/O instruct ion. Silormal and abnormal terminations (along with 
indexed variations thereof if the number and frequency of terminstion 
'causes justify separate hardware steering) , attention ©.Ignai;^^ 
siduo indications and programrtwsble interrupt entries in the I/O start 
array reference tasks programmed to react uniquely to each. 
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The tasks indexcjd by the I/O start array could instead be merged 
into one or more software tasks with varying accompanying levels of 
software steering. In any case, the steering capabilities of the I/O- 
initiated starts require preassignment of tasks to take advantage ot 
the information which the I/O directs to the central processor. 

The diagram of the mechanism which steers through the I/O start 
array has been' oversimpllf led for clarity-. Entries in any of the array 
elements point either to a Task Status Block i shown as a task), 
array indexed by the status of the I/O device (device number, inter- 
,r’upt code, qualifier) , a FIFO array (not shown) , or a HUJuL Entry which 
ignores the signal, h more detailed description of the mechanism is 
given in the 3200 System Oescr ip t Inn , 



If independent starts are expected to initiate the same task, a 
FIFO array must be employed to avoid potential loss of some I/O startj*., 
This could occur because of independent starts from the device or 



starts trum severs, 1 independent devices to the; ^tartse iauk. The FIFO 

array autoittatically stacks the starts in the order in which they arrive, 



The I/O instruction is th® language element ^ which a Central Pro- 
cessor uses to initiate one or » sequence of peripheral opera 
It suppixes some explicit in£ori?MStt.ioi.» about the nature of the opera- 
tion (within the op-coda, but mainly reference additional informetion 
(operands) necessary tot execuLior„. The simplest instruction, a Halt 
Device Operation, references a Device Identifier Structor only^ the 
most complex I/O instructions, in addition to the Device Identifiet* 
Structor , may reference an array containing up to 256 individual de- 
vice commands. The individual device commands, in turn, normally 
reference fields in mciraory lo be xinod £oi sub3«q[u®nt traniifer of 

data . 

The Initiate Device Operation (IDO) instruction is used for moat 
peripheral activity. There are three varieties of IDO each causing 
different demands on the I/O facilities. Th® norm.sl data transfer 
speciiies a device, a level of s,xraultanelty and a portion of bus trana- 
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f©r capacity.' A ««con<J typa, used for control, amy be capable of 
execution without requiring « level of simultaneity., An example of 
such an instruction would toe a rewind order to a magnetic tape drive. 
The third type of lOO, an Alter Operation, would be utilized to temp- 
orarily interrupt ©jcecutiou of an exiating l^Xt in order to insert 
.:]peci^!2. “information, either control or data, and then resume the 
Interrupted instruction. This instruction is of value in a data ccsm- 
municatione environment. Although the IrAatruction may require an 
additional level of eismltaneity, it can u«© the same aevice number 
as'f the Interrupted WO, 
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The IDO instruction's A operand delivers a locator of either a 
single I/O conmiand or an array of I/O commands* When an array is 
addressed, the Locator Structor contains a - field denoting the extent 
of the array. The B operand, is the Device Identifier Structor, used 
in coniunction with the device specif ice t ion table as explained under 
Dc'V'ice Structor., 



Extraction 

Succesisful extraction of the Device Identifier and Locator Struc- 
tors rests upon the availability of resources* successful comparison 
of mask and logical status, and no rejection or trap. Successful, 
extraction results in the delivery of an I/O operand to the I/O con«- 
troller, initiating execution of the operation herein.. The I/O oper- 
and conr.atr<is all information required by the peripheral processor 
and I/O controller in order to independently control of the 

peripheral operation's) , I/O operand str.'uotored as showtA in 

Figure 6, 
















LOCAr/0^ 



figure' 6- I/O 
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Successful extraction also causes storage of the location in 
the device specification table as well as the setting of the busy bit 
in its flag field. At this point, the centra.1 processor is free to 
.initiate a new instruction while peripheral processing independently 

proceeds... 

Unsuccessful extraction, i.e., rejection or trap, will serve to 
terrAinate the instruction and allow the central processor to initiate 
a new instruction. Reports on the reason for termination are 
through the condition code or the trapping mechanism (see 3200 Systems 
Description for information on trapping) , The condition code should 
be checked in the instruction following the I/D instruction. 
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I » p ut/Outi>ut. COTomands . 

The I/O cottimand Is used to cause a functional operation in a 
peripheral device^ h single cotwnand or an array of up to 256 corn*- 
roands may be t'he result of one X/0 Instruction issued by the centml 
processor. The command contains intormation on the typMSs ot operation ^ 
‘Starting location of information to be transferred, amount cf Inforaia- 
tion to be transferred and a transfer variant which if&structp. the I/O 
controller how to control the operation and sequencing through th® 
comimand array. Although I/O commands generally fall into the cate- 
gories of data transfer^ control or status inquiry operations, the 
differentiation between theifti is a function of peripheral processor 
assignment of device conroand codes. 



The I/O cammnd array is actually a stored program and the 
ecution processor and I/O controller share reapcnsibiilty in its 
processing.. Processing wlthlri any one X/0 coiritiand. ar,£:ay i-s per 
serially although signals such as programraable signals, device ac 
vated attention signals and residue aignals cdn init.late psHra./’. ^1 
central processor activity « 



Tl'ie i^aKlividuai X/0 costmand is structured ss shown in Figure 



h-AG,YVP£ 1 LOCATiO*! 

iP 

»ii ■■iiw n II i m iiii M i y>ii >i ii|i ii'Wii m a, 
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FIGURE 7. INDIVIDUAL I/O COMMAND 



Device CoOTita,nd Code 

IT ir — ^"r-n-i-fiiTiiinn iinr - -ti— i~ -rr'i -rTiimi -irn~it''Tnrt~r~r'T-rT' tfi r’ — nri~r''ir- -if 

' Up to 256 device corfmand codes may be specified for each t^pe 
of peripheral device, ‘Th© I/O ccMrtand may be used to trenafer diita,. 
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initiate ^control operations with or without acconripanying control 
parameters, or extract status. 

The termination of an I/O comand is controlled fey the periph- 
eral device V Howe'^er^ the peripheral device may use the infonnation 
that the data butter in mjain miemory has been exhausted or may us© 
par ticuisr data codes to cause termination. In the course of temin- 
ation, the peripheral processor ' may initiate a branch to other than 
the, next command in sequence, it the transfer variant had previously 
allowed such action. The location to which the sequencer branches 
may be -pi (jq rammed or optionally controlled by the peripheral 

processor itseXtb 

The branching process may be used as in the following examples 

Having previously been issued a write data coifwand, the 
peripheral processor, upon termination, may indicate 
either normal sequencing or branching to opa or ,more 
error or siternative activities. The first type of 
ei'rct fee recoverable ana could cause a retry of 
the original comp\aml„ Jinother type of error, unr©*? 
cQverabl# in nature, could cause the Interrogation 
of in order to analyze *tbe error before 

report,! no to the central processor. One or more alt- 
ernative next corcimcifKl solutions inight he poasibla de- 
pending upon various types of (non-error- indicating) 
outcomes oi uhe peripheral processor .. 

The branching capability, then gives the I/O Subsysteia © 
degree of independent decision making capability, 

I'c rauat be noted that misuse of - the branehing capability could 
result in th© exeeutlon of an endlesss loop of I/O coitMhds* This 
so called ** si lent data“* can be detected only in the central proces- 
sor by means of a timeout. A coniTiOn encounter with this profeleri 
could result from the repeated retry of a peripheral comiMsnd which 
faired to- succeasfuly temxinaie because of an error condition (bad 



17 



HOHEYWSLL PROPRIETARY - SEHSITIVB 




,BOHEYl^£LL PROFKIETAH^t'. SEI^S.,mUE 



communications line, dirt on magnetic tape, etc,). The peripheral 
processor must maintain a retry counter if such a procedure Is to be 
considered., Consult individual peripheral processor functional char- 
acteristics to vetiify the presence of the retry counting capability. 



TRANSFER VARIANT 

The transfer variant contains control bits which can monitor 
residue, unconditionally cause Interrupt, allow peripheral or condi- 
tional branching, signal end of array, and give information on Iocs- 

1 1 on o f bra nc'ha b 

LENGTH, LOCATION 

The length field will specify the number of bytes to be trans- 
ferred and the location field, their starting location. 



S’?. The following command array might be used in a data communica- 
tions enviro.nment where a station Is dialed, a meseag© trans- 
mitted, an scknowiedgeraent checked, an .end of transmission mes- 
sage sent and the line disconnected^ 



Device Command j 




Termination 

Indicator 


1^' E.xamples of Typical 

Branching Conditions 


d i B X 1 

j 


i 1 

1 tel nurjiiDer 




Retry if no answer up to 


transmit 


me^isage 


i 


3 times; branch to "^5 if no 
answer 3 times; go to nesttr* 
command if answer. 

retry If negative acknowl- 


transmit 

disconnect 


end of Trans- 
mission mes- 
sage 

- 


X 


edgement received up to % 
times; branch to +4 if re- 
ceive 3 negative acknowl- 
edgement' go to next com- 
mand if positive acknowl- 
edgement* 

1 


read status 
disconnect 


error buffer 


i 

1 

X 
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b« In the course of accessing a ‘record on a disk file, it i® nec« 
essary to position the head and then search through the hesders 
and, key® on a track until the desired key and its associated 
data are located* such tlme^ the dara imy be reed. Xn m 

sequential file structure, records are stored in ascending order 
related ro their keyjy. A1 though the key codes need not be 
contiguous (all codas not present) , they are arranged in order. 

A peripheral processor for mass memory 'having the capability to 
compere header addresses ani keys to stored counterparts need 
not cause Interaction with central processor until a read and^, 
perhaps, a new track or head seek are Initiated.* 



Device Coma nd 


i ] 

! 1 

j Transfer 


f 

1 ^ 

j Buffer 


I Remarks 


bearch Header 


1 branch ♦ until | 


I 

1 ) first header ( 


Search for header 




■ comparison ! 

i I 


; i 

1 i 


1 00 


Search Key i 


branch * until j 


1 ) desired key( | 


\ 

j Search for key SC 


j 

Rcvsd i 


2 comparison i 

: 

5 ; 

\ 1 


i. ! 

i i 

; ; 

i I>ata Buffer | 


1 

! 


Seek 


! array temina- | 


New Track | 


t 

j Position to new* 


1 


j tlon 1 


' ‘ 1 
; 'if 


track in anticip®-* 



I ^ t.lo'o of riaxt record 

f I tc be aores^sed. 

^ I Terminate .Array 



Input/Output Initiated Starts 



Ttie I/O controller is capable of providing several t;/p@s of I/O 
starts- These starts can cause hardware directed steering through 
the I/O start array to an entry representLiag a specific device, m 
specific type of start (termination, residue, .attention, etc.) and. 
a level of indescing qualifying the type of start. Each I/O start 
will cause transfer of an I/O status word* It will contain the d©- 



'ice address and signal co^ie (indicating ty|>© of 



k ^ ^ 
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NORMAL TBftMIiS^TION 

Nomal terralnation of the I/O instruction will occur when an 
I/O coramand is reached which contains indication that it is the last 
conEimand in the array. An I/O initiated start signifying norraai d€~ 
vice termination will occur accordin'giy. The I/O acatus word will 
contain status cause of termination ^ etc. I £?;'upr>iif;o by the 

peripheral processor ^as well a a data path. 



ABNORMAL TERMINATION 

Abnormal terminations indicate that the array of operations 
could not be completed or was completed with an error or exception 

condition.- The resultant I/O status uoi:d will contain per tin ant 

status (cause or error, etc.). 



PRCX3RAMMABLE SIGNAL 

A Programmable signal will result from the setting of the appro- 
p>riate bit in the transfer variant and can occur at any time during 
execution of an array of I/O cuiiiomnds. The I/O status word will 4 ^- 
liver only the sequence location for which the aigns.l ocourrsd* 

RESIDUE SIGNAL 

Residue storage signals are a.n indicatioti that ® differenc# ex- 

/ 

ists between the length field of an 1/0 comiTsand and the corresponding 
physical record which was transferred so far. The I/O status word 
will deliver the residue (positive for underflow^ ^ero for overfXe-wT 
and the array secpience location „ The transfer variant or the periph- 
eral processor status must have indicated an intarition to register 
residue counts in order for the signal to gccua-v 



ATTENTION SIGNAL 

Attention signals may be used when the device is not presantly 
e>cecuting an I/O operation or for special conditions not requiring 
tertni nation. The I/O status delivers cause of Interrupt. 
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FiQum 8. smmhRY of i/o status m)Rm 



Execution of I/O Initiated Start s 

The central processor receiving the I/O initiated start will . 
sense the I/O status word for the cause of the start. Termination® 
will cause the release of transfer rate from the traffic regietera 
and the busy condition from the davicse specification table flag* 
Terminations and other signals will than cause the central processor 
to attempL indexing of the I/O start array until ‘a pointer to m T^sk 
Control Block is reached. T^iat task will he checked for priority &nd 
executed if ifc meets the priority criteria* 

Additional IDO Formats for Single Conirtands 

An XIX) instruction may specify only a single catwand. Such in- 
structions may be used for the purpose of sending control Infonaa- 
tion or inquiring of peripheral processor status. The B operand^ de- 
vice identifier struetor^ need not specify an extent (which would 
nomally indicate the size of the I/O comrciand array),. Further , mmilf 
release of facilities such as transfer rate and level of simultaneity 
can be^ .achieved. The resultant I/O operand carries such information 
to the I/O controller. 
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Additional InBtructions 

The Halt Device Operation Instruction is an unconditional halt 
order to a device. Because no data is associated with this instruc« 
tion, only the device identifier structor operand is required. 




